In this study, we searched the hypolipidemic effects of a dietary fiber in hyperlipidemic and normal rats. Rats were fed with high-fat diet (HFD) or a normal fed diet (NFD) for 12-weeks and then treated with 5, 10 and 20% guar gum in their regime for 28 days. Total cholesterol (TC), triglyceride (TG) and lowdensity lipoprotein cholesterol (LDL-C) were significantly increased in HFD rats, while administration of guar gum significantly lowered them. Serum high-density lipoprotein-cholesterol (HDL-C) was reduced in HFD rats. However, feeding the HFD rats with guar gum markedly elevated HDL-C level. Of the different tested percentage of guar gum in their regimes, 20% guar gum showed the strongest hypolipidemic effect, as well as a high anti atherogenic potential with atherogenic index (A.I.). These results suggested that guar gum may be effective hypolipiedemic agent and may prevent hyperlipidemic atherosclerosis in both hyperlipidemic and normal rats.
INTRODUCTION
Serum lipid levels are probably one of most metabolic risk factor for cardiovascular disease (CVD) and abnormalities in plasma lipoprotein and increase in lipid metabolism rank among the most firmly -established and best -important risk factors for atherosclerosis (Theuwissen and Mensink, 2008) . Triglycerides and cholesterol are biological lipids and their increase intake in the diet is relevant in the cause of two prevalent cardiovascular risk factors, hypertriglyceridemia (Hokanson, 2002; Samarghandian et al., 2011) and hypercholesterolemia (Walldius et al., 2004) . Recently, the search for new drugs in regulating and reducing serum TC and TG levels has been the focus of attraction with numerous reports showing remarkable activities of natural agents. The products of plant are reported as *Corresponding author. E-mail: samarghandians@mums.ac.ir.
Abbreviations: A.I, Atherogenic index; HDL-C, high-density lipoprotein-cholesterol; HFD, high-fat diet; LDL-C, low -density lipoprotein cholesterol; NFD, normal fed diet; TC, total cholesterol; TG, triglyceride. less toxic, with fewer side effects than synthetic agents. Also, it is well proved that diet rich in fruits and vegetables can reduce cardiovascular diseases (Hung et al., 2003) . In view of the therapeutic use of herbal remedies by the general public and also interest by the physicians; it is imperative to promote some research for validation of their claimed activities based on modern scientific techniques. Cardiovascular disease is reported to be uncommon in those parts of the world where dietary fiber intakes are high. Various diets containing certain types of dietary fiber or rich in purified dietary fiber preparations have been shown to decrease the serum cholesterol levels in normal individuals (Trowell, 1973) , but a report on the cholesterol lowering effect of some dietary fiber (lignin) in a hyperlipidemic group was not confirmed. Increasing intake of certain types of dietary fiber decreases serum TC and LDL-C concentrations. Although, the effect of gel forming fiber such as pectin has been well documented, the effect of the other is little known (Queenan et al., 2007; Reddy et al., 2006) .
Dietary fiber has become more and more important since the work of Burkitt et al. (1972) , Burkitt (1973) and Trowell (1973) , who found a direct relationship between fiber deficient diets and the development of certain chronic and degenerative diseases such as ischemic stroke myocardial infarction, closely related to atherosclerosis which were more common in industrialized countries.
Many epidemiological studies have strongly suggested a reversal correlation between intake of fiber and mortality due to coronary heart disease. A lot of research has been reported since then showing the benefit of including a high concentration of fiber in the daily diet (Bazzano, 2008; Sangamesh et al., 2003) . Therefore, it is worth studying the importance of the consumption of dietary fiber foods and the effects of such foods on atherosclerosis. Dietary fiber has been classified into two parts: the insoluble part which contains mainly some hemicelluloses, lignin and cellulose; while the soluble part comprised mainly of some hemicelluloses, pectins and finally gums. Dietary fiber has received fairly attention for its protective role against high plasma TC. The soluble parts of various dietary fiber sources, as found in oat, bran and barley, have the potential for lowering plasma total cholesterol and LDL-C concentrations.
Guar or cluster bean (Cyamopsis tetragonoloba) is a thought tolerant annual legume, which aroused in the India-Pakistan area and was lead into the United State in 1903. Unlike the seeds of other legumes, C. tetragonoloba seed (guar seeds) have a bulky endosperm, accounting for 42% of seeds weight (Naoumkina et al., 2008) . The leading portion of the endosperm is mucilage or guar gum, which establish a viscous gel in cold water. About 80 to 85% of the gum is a galactomannan made of a liner (1→4)-β-linked Dmannan backbone with single-unit, (1→6)-linked, α-Dglactopyranosyl side chains (Carswell et al., 1997) (Figure 1) .
At low concentrations in aqueous solutions, guar gave rise to large development in viscosity having five to eight times the thickening power of starch .When incorporated in foods it provides them less acceptable because of their thickness and heaviness (Takahashi et al., 2009; Udaya et al., 2004) (Table 1 ). In view of this, we have investigated the application of guar gum in dehydrated powder form in chow food. We wished to see if it was still hypocholesterolemic and also if it had any effect on other 
MATERIALS AND METHODS
TG, TC, LDL-C and HDL-C kits were purchased from Pars Azmoon (Tehran, Iran). Guar gum was purchased from Alibaba Company. The seed of plant were dried and powdered. All powdered samples were then pooled for making rat's diet chow with different percentage of guar gum (5, 10, and 20%).
Animals
Fifty six male Wistar rats weighing 270±10 g purchased from Razi institute (Mashhad , Iran), were kept in their own cages at constant room temperature (21±2°C) under a normal 12 h light: 1 2 h dark regime with free access to food (as follows) and water. The animals were housed according to regulating the walfare of experimented animals.
Induction of hyperlipidemia and experimental procedure
The rats (n=28) were fed a SD or chow supplemented with 18% corn oil (high fat diet) for 12-week prior to the study for induction of normal and hyperlipidemia rat, respectively (Table 2 ). Then the rats that received 12-week to SD or HFD significantly increased serum TC, TG and LDL-C, when compared to normal rats. At the end of 12-week diet period the hyperlipidemia and normal rats each were randomly assigned to one of the four following treatment groups, treatment 1,2,3 and 4, for 28 days based on chow contained guar gum 0, 5, 10 and 20%, respectively (n=7). During the treatment period, at first day (T0), at day 14 (T14) and at the end of period (T28) the rats were subjected to measure body weight, food and water intake and also to collect blood sample. Before blood sampling, all rats were not given food for 12 h, after which blood samples were collected from the orbital venous plexus.
Analysis of lipids in plasma
Plasma lipid parameters such as TG, TC, LDL-C and HDL-C levels were determined by enzymatic colorimetric methods, using commercial kits from Pars Azmoon (Tehran, Iran). Briefly, blood samples transferred directly into centrifuge tubes, allowed to clot at room temperature for 20 min, and centrifuged for 20 min at 2000 rpm. The supernatant obtained was transferred into test tubes for lipid analysis. The CHOD-PAP method (46) was used to determine serum cholesterol and HDL. Then, absorbance was read at 546 nm in an autoanalyzer (Microlab 100, E Merck) and compared to a standard curve. The low-density lipoprotein-cholesterol (LDL-C) fraction and athrenogenic index (A.I.) were determined according to the Friedewald equations (Friedewald et al., 1972) . LDL-C (in mg/100 ml) = total cholesterol -(HDL-C-1/5triglycerides) A.I. = (TC -HDL-C) / HDL-C.
Statistical analysis
The data were analyzed using statistical package program stat view software. Data are given as mean±SEM statically significant between lipid profile in each group and during treatment period was performed with one-way ANOVA followed by Turkeys test. P values less than 0.05 were considered statistically significant.
RESULTS

Laboratory testing
Feeding rats with a HFD for 12-week resulted in hyperlipidemic rats, as evidenced by high serum TC, TG, and LDL-C which were significantly elevated in comparison with normal rats received standard chow diet during the period. However, serum HDL-C was markedly reduced as compared to normal rats (Figure 2 ).
Hypolipidemic effects of guar gum
Effect of guar gum on serum TC, TG, LDL, HDL and LDL/HDL ratio (A.I.) in rats fed with normal fat diet (NFD)
Administration of 5% Guar gum resulted in significant fall in only LDL-C ( Figure 3C ) level in serum of rats fed with NFD at T14 and T28. Similarly, treatment of animals with 10% guar gum showed significant reduction in LDL-C and TC ( Figure 3A ) levels at T14, T28 and T14, respectively compared to NFD control. High dose of guar gum (20%) in rat's diet was also found to decreased TC, TG ( Figure  3B ) and LDL-C levels in serum compared to NFD control at T14 and T28. HDL-C levels in serum of NFD rat was no show any remarkable change at any concentration of guar gum during the treatment period. The A.I. was also found no significant decrease in serum of animals fed with NFD with treated with different percentage of guar gum (Figure 4) .
Effect of Guar gum on serum TC, TG, LDL, HDL and A.I. in rats fed with high fat diet
Change of diet from NFD to HFD caused significant rise in TC, TG, LDL-C levels and A.I. However, there was remarkable decrease in HDL-C level in serum upon shifting of diet. Elevated serum TC, TG , LDL-C levels in hyperlipidemic rats were lowered at T14 and T28 by treatment of 5, 10 and 20% guar gum in their regimes (p<0.001).
However, decreased serum HDL-C level in hyperlipidemic rats was elevated at T14 and T28 by administration of 5, 10 and 20% guar gum in rats food compared to HFD control ( p<0.05). The high percentage of guar gum was found to show the maximum change in serum lipid level than other guar gum percentage compared to HFD control. Adding guar gum in rat food (5, 10 and 20%) for 28 consecutive days resulted in significant fall in A.I. compared to HFD control (p<0.001).
Effect of guar gum on body weight
Effect of guar gum on body weight in rats fed with normal fat diet (NFD)
We only showed significant decrease in body weight in rats treated with highest percentage of guar gum (20%) at T14 and T28 compared to NFD control (p<0.05).
Effect of guar gum on body weight in rats fed with high fat diet (HFD)
Shifting of diet from NFD to HFD showed remarkable incline body weight. Upon treatment of rats with guar gum (10 and 20%) for 14 and 28 days, there was significant rise in body weight compared to HFD control (Table 3) .
Effect of guar gum on food and water intake
Effect of guar gum on food and water intake in rats fed with normal fat diet (NFD)
We only showed significant fall in food intake with elevate in water intake in rats treated with 20% of guar gum at T14 and T28 compared to NFD control (p<0.05).
Effect of Guar gum on food and water intake in rats fed with high fat diet (HFD)
Shifting of diet from NFD to HFD showed remarkable increase food intake with decrease in water intake. Upon administration of rats with guar gum (10 and 20%) for 14 and 28 days, there was significant rise in food intake with fall in water intake compared to HFD control (Tables 4  and 5 ).
DISCUSSION
Rats are generally believed to be unsusceptible to naturally occurring and experimentally-induced atherosclerosis (Moghadasian, 2002) . It is well realized that one of the main risk factors of atherosclerosis is hyperlipidemia (Genest et al., 1992) . High dose of fat in dietary have been showed to lead to the hyperlipidemia in rats which is the most firmly-constructed and best-known risk factors for atherosclerosis (Loscalzo, 2009) . Therefore, in the present study, hyprlipidemia was induced in rats which raise the serum TC, TG, LDL-C levels and reduce HDL-C level following in an increased risk for the expansion of atherosclerosis. Therefore, regulating the serum lipid profile is critical in atherosclerosis prohibition, as it has been demonstrated that atherosclerosis could be reduced by controlling the level of serum lipids particularly serum cholesterol. Recently, there has been direct attention on the cholesterol-lowering effects of dietary plants and different plants are shown to be useful in reducing plasma lipid levels particularly cholesterol level (Bhandari et al., 1998; Ghasi et al., 2000; Choudhary et al., 2005 , Samarghandian et al., 2011 . The current study was down with the objective to identify the hypolipidemic potential of C. tetraglobolus seed (guar gum) on serum lipid profiles of hypercholestromic and NFD rat. An elevated cholesterol concentration in the plasma may bring coronary atherosclrosis to develop (Kannel et al., 1979) . Furthermore, serum TG is also believed an important risk factor for atherosclerosis (Jones and Chambliss, 2000) . Increased levels of plasma TG and LDL-C followed by decreased HDL-C levels are often combined with an increased risk of coronary heart disease. (Smith et al., 2004) . Many studies have shown LDL-C to be the most harmful among the serum lipids and the oxidation of LDL-C leads to the elevated penetration of arterial walls (Aviram, 1993) . When there is an increase in LDL in the blood, it is put down in the blood vessel walls and develops into a major component of atherosclerotic plaque lesions.
In addition, the experimental on rabbits exposed the LDL of hypercholestrolemic rabbits was more sensitive to oxidative modification than that of normolipidemic rabbits (Nenester et al., 1994) . Thus, an elevated in cholesterol level can be a significant indicator of the progress of coronary artery disease and serum LDL-C levels should be used as the base for beginning and monitoring treatment of patient with increased blood cholesterol (Schaefer et al., 1995) . Thus, decreasing lipid profiles in serum particularly serum TC and LDL-C levels is important for decreasing the risk of artherosclerosis.
In the current study, the hyperlipidemic rats produced by high fat diet for 12 weeks demonstrated high serum levels of high serum levels of TC, TG and LDL-C but application of 5, 10, 20% guar gum in rats food at T14 and T28 reduced high TC and TG. Furthermore, serum LDL-C levels were significantly decreased by treatment of 5, 10 and 20% Guar gum in dietary food. Also apply guar gum at high percentage (20%) decreased serum TC, TG and LDL-C at T28 in normal rats. Therefore, the results indicate that guar gum in dietary has beneficial effects on serum lipid profiles by decreasing lipid levels at both hyperlipedmic and normal rats but even low percentage of guar gum reduced serum lipids in hyperlipedemia rats. HDL-C carries cholesterol and cholesterol esters from the peripheral tissues and cells to the liver, where cholesterol is metabolized into bile acids (Stein and Stein, 1999) . This pathway plays a very important role in reducing cholesterol levels in the blood and peripheral tissues and in inhibiting atherosclerotic plaque formation in the aorta (Young et al., 2004) . Our results demonstrated that Guar gum increased serum HDL-C concentration when compared with hyperlipidemic control rats. However, there was no remarkable change in HDL-C in serum during the treatment period by administration of guar gum to dietary of normal rats. Therefore, our results suggest that guar gum is an effective lipid lowering agent in both hyperlipidemia and normal rats but may act more protect against cardiovascular disease in hyperlipidima than normal rats. The A.I. is believed to be an important risk factor for atheosclerosis and was significantly lowered in the hyperlipedemic rats administered guar gum at any concentration in dietary. However, there was no significant change in A.I. During the treatment period of normal rats. This decreased in the A.I. is yet another positive change resulting from Guar gum application. In particular, high concentration of Guar gum showed a stronger lipid-lowering effect. A proposed mechanism by which guar gum may lower plasma cholesterol is by increasing the fecal excretion of bile acids and cholesterol (Moriceau et al., 2000; Soppimath et al. 2001) . In other studies, pectin or wheat bran did not alter small intestinal bile acid levels either (Dongowski and Lorenz ,2004) . Perhaps the main effect of dietary fibers on bile acids in the small intestine is to decrease the efficiency of the enter hepatic circulation resulting in a greater fecal excretion. Probably guar gum with increasing viscosity in digestive system is able to decrease uptake rate of substances and disturbance in reuptake of bile acids and can therefore have positive effect on decrease of glucose, cholesterol, triglyceride and LDL-C of blood, but the mechanism is not known and clear (Moriceau et al., 2000 , Kulkarni et al., 1999 , Soppimath et al., 2000 . The biological activity of guar gum seems to depend mainly on its capacity to increase the viscosity of digest in the upper gastrointestinal tract (Rideout et al., 2008 , Sangamesh et al. 2001 . Such rheological behavior is primarily dependent on the concentration, molecular weight, and particle size of the guar gum. These factors will strongly affect the hydration kinetics of the guar galactomannan and the maximum viscosity of the polymer solution. (Ellis et al., 1991, Soppirnath and Aminabhavi 2002) The importance of molecular weight and therefore viscosity in determining the cholesterol-lowering activity of guar gum was also shown in a study of mildly hypercholesterolemic subjects (Moriceau et al., 2000) . Gel-forming soluble fibers, such as pectin, have also been observed to be effective hypocholesterolemic agents. Several studies have shown that fiber such as and pectin, fed to humans and experimental animals, can reduce postprandial hyperglycemia and plasma cholesterol.
In the present study, rat body weight were significant reduced in hyperlipedimic and normal rats at T14 and T28 with treatment 20% guar gum in dietary, but 10% guar gum only in hyperlipedemic rats decreased body weight at T14 and T28.
In summary, the present study demonstrated that guar gum had hypolipidemic effects in both hyperlipedemic and normal rats, where Guar gum significantly lowered TC, TG, and LDL-C concentrations, elevated HDL-C levels and decreased serum A.I. values in particular hyperlipidemic rats. These results suggest that guar gum may be beneficial in preventing atherosclerosis cardiovascular disease.
